Background: Many African economies have achieved substantial economic growth over the past recent years, yet several of the Millennium Development Goals (MDGs) including those concerned with health, remain considerably behind target. This paper examines whether progress towards these goals is being hampered by existing levels of poverty and income inequality. It also considers whether the inequality hypothesis of Wilkinson and Pickett 1 applies to population health outcomes in African states. Methods: Correlation analysis and scatter plots were used to assess graphically the link between variations in health outcomes, level of poverty and income inequality in different countries. Health status outcomes were measured by using four indicators: infant and under-five (child) mortality rates; maternal mortality ratios; and life expectancy at birth. In each of the 52 African nations, the proportion of the population living below the poverty line is used as an indicator of the level of poverty and Gini coefficient as a measure of income inequality. The study used a comprehensive review of secondary and relevant literature that are pertinent in the subject area. The data datasets obtained online from UNICEF 2 and UNDP 3 (2009) used to test the research questions. World Health Organization the three broad dimensions to consider when moving towards better population health outcome through Universal Health Coverage and the Social Determinants of Health framework reviewed to establish the poverty and income inequality link in African countries population health outcomes. Results: The study shows that poverty is strongly associated with all health outcome differences in Africa (IMR, cc = 0.63; U5MR, cc = 0.64; MMR, cc = 0.49; life expectancy at birth, cc = -0.67); income inequality with only one of the four indicators (IMR, cc = 0.14; U5MR, cc = 0.07; MMR, cc = 0.22; life expectancy at birth, cc = -0.49), whereas income inequality is associated with one of the four indicators.
Introduction
According to United Nations 4, 5, 6 reports assessing global efforts to achieve health and poverty-related Millennium Development Goals (MDGs) by 2015, many African countries are not on track to meet the goals. Each year, millions of mothers, new born babies and children continue to die in Africa from avoidable and treatable diseases. For instance, Africa's average infant mortality , child mortality figures are as high as 262 per 1,000 live births in the region. Over the period 1990 to 2005 the vast majority of African countries have only achieved negligible reductions in child mortality rates (1.8 percent). Maternal mortality rates in many African countries stand at more than 500 per 100,000 live births. Africa as a whole experiences one of the lowest life expectancies at birth (55 years) in the world. For African countries to reach their stated MDGs, current maternal and child mortality rate must be reduced to 228 per 100,000 and 61 per 1,000 live births respectively 4 . This raises the question , what actions can be taken at different levels to step torwards attaining the MDGs.
Africa is still not well placed to meet its health-related Millennium Development Goals in 2015. Income differentials between rich and poor nations are widening 8 , 9 . Disparities with regards to income and access to basic health and other social services are crucial factors that hinder the reduction of poverty and ill-health for the majority of Africans A substantial proportion of Africans live below the poverty line. A focus on poverty alone however might not be the best way to improve population health. Another factor is income inequality. Empirical evidence suggests that it is impossible to address health-related problems without simultaneously addressing economic problems 14 . The channel through which a healthy population is an engine for economic growth and conversely wealth undoubtedly leads to better health. How society organizes its scare resources for production and the distribution of both income and wealth has significant impact on health and well-being
15
. For instance, poor people who are economically or socially disadvantaged often suffer from an increasing burden of the social determinants and consequently worse health, on average, than their better-off-counterparts 16 . If the inequi- . More egalitarian societies have been identified with lower health inequality. We hypothesize that in the African context, policies aimed at improving overall health status need to tackle both poverty and income inequality if they are to be successful in achieving their intended goal.
Three hypotheses for the slow progress towards achieving the MDG targets in health to date could be offered. First, there is severe and deep-rooted poverty in the region. Secondly, large income inequality contribute both to the health gaps between the rich and the poor and exacerbates the lack of progress made in improving the overall health status of the population and economic growth in Africa. Thirdly, for African countries inequalities in something other than income may be a better explanation of variations in health. This study explores the extent to which poverty and income inequality account for the variability in health status in the African context. The study examines this link by using cross-sectional data from UNICEF 2 (2009) and UNDP 3 .
Methods
Data for this study was obtained from UNDP1 [1] and UNICEF2 [2] datasets. We used country level data on infant, child (i.e. under-five) and maternal mortality ratios and life expectancy at birth as the health outcome. The predictor variables used to analyze variations in these health outcomes are the proportion of households whose income are below the international poverty line of US$1.25 per day (expressed in purchasing power parity terms) in 2007 and income inequality as measured by the Gini coefficient. The Gini coefficient is commonly used as a measure of inequality in income or wealth. Its value ranges from 0 to 1, where a lower coefficient indicates a more equal distribution of income.
Data on these variables were obtained for each of the 52 African countries. The association between health outcome variables and level of poverty and income inequality was analysed using the statistical package STA-TA. Scatter diagrams were used to express graphically the association between variability in health status and the level of poverty and income inequality. Correlation coefficients among pairs of continuous variables and P-values from Pearson's chi-square tests of associations were calculated. P-values less than 0.05 were used as a measure of significant associations at the 5% level. As all datasets used for analysis were publicly available secondary datasets, it was not necessary to seek formal approval from the Human Research Ethics Committee.
Results
There is a large variation in health status across African countries. For instance, infant mortality rates vary from 11 (Seychelles) to 158 (Sierra Leone) per 1,000 live births. Sierra Leone's figure is nearly twice the average for the African region as a whole (77 per 1,000 live births). Sierra Leone also has the highest under-five mortality rates (262 per 1,000 live births), while the lowest is in Seychelles (13 per 1,000 live births). Swaziland has the lowest maternal mortality rate (5 per 100,000 live births) while the highest is again in Sierra Leone (1,800 per 100,000 live births). The average maternal mortality rate for the African region stands at 520 per 100,000 live births. Life expectancy at birth varies from 42 years in Angola to 82 years in Swaziland. The average life expectancy for Africa is 55 years. In the region, income inequality as measured by the Gini coefficient ranges from 0.30 for Ethiopia to 0.74 for Namibia. The Gini coefficient is over 0.50 in one-third of all African countries. Figure 1 below shows the association between infant mortality rates and the proportion of the population living below the international poverty line of US$1.25. It demonstrates that as the percentage of the population living under the poverty line increases, so does the rate of infant deaths. The high value of the correlation coefficient (cc=0.63) and the low P-value (0.0000) indicate that there is a statistically significant positive association between the two variables. Poverty accounts for 39% of the infant mortality rate in the region. Figure 2 shows the relationship between the infant mortality rate and income inequality. There is no significant trend. Although there is a positive association between infant mortality and income inequality, the correlation coefficient (cc=0.143) and R-squared (R2 =2.6 %) are very small and reflect an insignificant causal association. The large P-value (P=0.397) suggests that infant mortality is not well explained by income inequality in the African context. The association between child mortality and poverty is similar to the association between infant mortality and poverty, with a very low P-value (P=0.000) and high correlation coefficient (cc=0.6484). Similarly, as with infant mortality, there is a weak relationship between child mortality and income inequality, with a high P-value (P=0.650) and low correlation coefficient (cc=0.077). Figure 3 presents the association between maternal mortality ratios and the proportion of the population living below the international poverty line. The diagram shows a positive association between the two, with a low P-value (P=0.0001) and a high correlation coefficient (cc=0.4954). Figure 5 shows the relationship between life expectancy and the proportion of the population living below the international poverty line. There is a strong inverse relationship, with a low P-value (P=0.000) and high negative correlation coefficient (cc= -0.702). 
Discussion
There is a substantial body of evidence 19 to support the idea that the health of a population is largely determined by the level of economic development of the country, as measured by gross domestic product (GDP) per capita. However, there is also evidence that it is not only the aggregate level of economic development, but also the distribution of economic resources within society, that impact on health outcomes 20, 21, 22, 23 . Many researchers have reported a significant association between socio-economic factors and the ability of individuals to attain wellbeing in health 24, 25, 21 . Particular emphasis has been placed on the issue of income inequality recently in the work 23, 26 . Societies with more unequal income distributions have poorer health outcomes than more egalitarian societies ( ). However, it should be noted that, to date, this literature is dominated by studies conducted in developed countries.
Wilkinson and Pickett
26 reviewed the international evidence on whether income inequality is a determinant of population health and explored the reasons why some societies are healthier than others. To that end, they reviewed a total of 168 peer-reviewed papers reporting on the association between income distribution and population health. Overall, they found that 78% of the studies showed at least some statistically significant evidence and that 70% were overwhelmingly supportive of the hypothesis that health status is worse in more unequal societies. However, 30% of studies found no statistically significant evidence to support this hypothesis. According to some researchers, the relationship between income inequality and population health remains a contested issue 29, 30 .
One of the key findings of the study by Wilkinson and Pickett 26 is that, when assessing the association between income inequality and health outcomes, the nature or level of geographical area within which income inequality is measured does matter. Where inequality was measured in small geographical areas, only a weak association with population health outcomes was generally reported. However, where inequality was measured in metropolitan areas, regions or whole countries, there was generally evidence confirming income inequality as a determinant of population health. The authors suggest that examining inequalities at the level of larger geographic areas reflects social class differences in a society.
With respect to the relationship between income inequality and poor health, with one exception, our study fails to establish any significant link. It is only with respect to life expectancy at birth that there is a significant and negative relationship with income inequality (p=0.003; cc=-0.495). However, with respect to poverty, a strong relationship is established for all the health variables used infant mortality (p=0.000; cc=0.63), under-five mortality (p=0.000; cc=0.64), maternal mortality (p=0.000; cc=0.495), and life expectancy at birth (p=0.000; cc -0.67).
We propose four possible explanations for these findings. First, the finding suggesting that income levels, rather than income distribution, are most significant in affecting population heath in Africa may be due to poverty swamping other effects on health status. Considering the large proportion of the population in African countries living in conditions where they do not have the means to meet basic human needs poverty may dominate the influence of income inequalities. There are direct pathways between poverty and measures of health outcome considered here, such as through the relationship between poverty and undernourishment, lack of access to clean water, poor education, poor sanitation and lack of access to basic health care services 15 . Infant and child mortality increase as nutritional levels fall 31 . Studies in some countries suggest that women are more likely to bear more children (high fertility) and low birth weight babies where poverty levels are higher 32, 33 .
A second possible explanation for the limited relationship between income inequality and health outcomes in the African context relates to the pathways through which income inequality affects health status. Wilkinson and Pickett 26 argue that the link between health and income inequality is not about differential income per se but is in essence about class or social power structures. This leads us to speculate as to whether the role of income inequality as some sort of proxy forclass in a western society is less valid in Africa. There may be other political and social phenomena social power structures at work in African countries, which shape the distribution of ill-health and mortality among the population, and for which income inequality is not a good proxy. Another social power structure that is likely to be of relevance in Africa is that of gender power imbalances. Studies in many African countries indicate that gender inequalities can be substantial 34, 35 and can prevent women from attaining and maintaining better health. These issues of power structures in Africa and across different African countries with very different colonial pasts and tribal mixes need more research in the specific context of inequality and population health. Given very real limitations income inequality measures, the study suggest alternative indices for inequality; the gender empowerment measures, for example.
The third possible explanation is the issue of the lagged effect. One can expect income inequality in year n to influence health in n + 1. This needs to study the lag time between income inequality and health status. The final possible explanation is that a relationship between income inequalities and health outcomes may be obscured by measurement and data problems. Although it is generally accepted that the Gini coefficient is a good measure of income inequality, the emphasis on salaries from formal sector employment in measuring income may be problematic in many African countries. Informal sector activities and remittances are difficult to measure, and subsistence agricultural activities are often not taken into account. In addition, governments in many developing countries provide subsidized goods and services instead of cash payments to individuals or households. Thus, to base the Gini coefficient on cash income from formal sector activities alone may result in some bias in its measurement.
The health outcome measures available for the analysis may also have contributed to the limited association with income inequality. While there is very weak relationship between income inequality and infant and child mortality, there is a far stronger relationship between income inequality and life expectancy at birth. The most likely explanation for this is that life expectancy can be affected by events at various stages of life while this is not the case for the other health variables which are related to birth or the start of life. If the impact of income inequality does operate primarily or even in part through the reactions of people to being part of a hierarchical or class structure, these reactions will have a greater bearing on life expectancy than on factors such as infant or child mortality.
Conclusions
The majority of the African population lives in a state of abject poverty but also deepening income inequality. A recent World Bank 36 report estimates that in sub-Saharan African countries, the share of income of the richest 20 per cent of the population is at least 18 times that of the poorest 20 per cent. This paper attempted to show that focusing only on poverty and exclusion of income inequality would be too limiting in any debate about how best to improve population health in Africa. Contrary to our expectation however and contrary to the findings of previous studies, which have been restricted to Western countries with just one exception, our study fails to establish any significant link between income inequality and poor health in Africa. Infant, child and maternal mortality rates are associated with poverty, but not income inequality. This suggests that the relationship between income inequality and health should only exist for life expectancy and not other health measures. Because as these would not be influenced by social comparisons to the extent that life expectancy is. The inequality effect on life expectancy is important in Africa.
Many of the causes of ill-health and premature deaths in Africa are preventable, but they need adequate policy attention and resources. Efforts to reduce poverty and health disparities as stated in the Millennium Development Goals run the risk of failing to achieve their intended goals. Averting poor health requires improving living and working environments, proper nutrition, improved access to health care facilities, adequate incomes and a safe living environment. This paper shows that more research should be conducted in order to understand better how inequality, and if so, inequality of what, affects health in Africa. As Wilkinson and Pickett (2009 p. 28) argue, there is a need to 'regard the scale of material inequalities in a society as providing the skeleton round which class and cultural differences are formed'. The question of what proxy is best used in Africa in measuring inequalities needs to be addressed. It may not be income.
Tackling poverty is crucial for achieving better health. Addressing inequality in health is challenging unless economic inequality is simultaneously tackled by way of introducing suitable macro-economic and developmental policies. For instance, through redistribution of income could potentially improve that everyone has access to appropriate and equitable healthcare services. The poor cannot afford paying for their healthcare needs. This paper adds to the debate on inequality and health by exploring the complex relationship between poverty, income inequality and health in the specific context of African countries. Empirical evidence that supports a significant association between income inequality and health within this context is limited. The ef-fect of inequality in incomes and in other social factors on health in Africa needs further investigation.
Limitation of the study
This is a preliminary analysis report or hint on the link between variations in health outcomes, level of poverty and income inequality in different African countries cross-sectional data from UNICEF (2009) and UNDP (2009). Multivariate model, rather than bivariate correlation would be appropriate to know whether or not the poverty effect is truly independent of the inequality effect, and vice-versa, or perhaps they interact with each other. It is plausible that the effects of poverty are steeper in an environment of high inequality (when the very poor might compare themselves to the very rich). It is also possible that poor health causes more poverty and possibly inequality, too. In this study a multivariate model on poverty and inequality's has been greatly hampered by data issues, namely the limited number of indicators and often questionable comparability of the observations available for a multivariate cross-national analysis. The study calls for additional scholarship research on poverty and inequality consequences on health status in African countries.
